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ABSTRACT 
The modern era of communication needs a system with high bandwidth and high speed datarates.To fulfill rapid  demands 
in today‟s technology era, Free space optical (FSO) communication system has become very attractive technology, 
because they provides high bandwidth, license free spectrum using infrared beam, and are a reliable means of 
communications. The first part of the paper introduces the FSO system its block diagram and also the reason behind its 
usage. The second part informs about the factors which impairs the performance of the system. The third part will define 
the factors which enhance the performance of FSO system. The fourth part here will discuss which type of frequency is 
better for FSO system. The last part will describe about the different modulation techniques and which  modulation is good 
for FSO system.  
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1. INTRODUCTION 
Over the last two decades free-space opticalcommunication (FSO) has become more and more interesting as an adjunct 
or alternative to radio frequency (RF)communication.FSO has become a major topic in world of wireless and optical 
communications.It provides a high data rates up to several Gbps, immune to radio frequency interferences, requires no 
licensing, gives a highly secured communication link due to the usage of a very narrow beam angle and offers an 
inexpensive, fast and easy deployment when compared to the fiber optic installation [1]. 
1.1. Free Space Optical Communication System 
Free Space Optics (FSO) is an optical communication technology that uses light propagating in free space to transmit data 
between two points. This technology is useful where a fiber optic cable is impractical. It is similar to fiber optic 
communications in that data is transmitted by modulated laser light. Instead of containing the pulses of light with in a glass 
fiber, these are transmitted in a narrow beam through the atmosphere. Light travels through air faster than 
glass[2].FSO systems are sensitive to bad weather conditions such as fog, haze, dust, rain and turbulence. All of these 
conditions act to attenuate light and could block the light path in the atmosphere[30]. 
If FSO systems are to be used in telecommunication applications, it needs to meet much higher availability requirements. 
Carrier-class availability is generally considered to be 99.999%. For enterprise applications, link availability requirements 
are generally greater than 99%. The enterprise market is where the majority of FSO systems have been deployed [3]. 
 
Figure1: Block diagram of FSO link 
A free space optics communication system consists of three main systems namely the transmitter, the communication 
channel and the receiver. The transmitter is composed of the modulator, driver circuit, optical source and the transmitter 
telescope. The modulator is responsible for modulating the source message into the optical carrier. OOK is an intensity 
modulation scheme where the light source (carrier) is turned on to transmit a logic ”one” and turned off to transmit a ”zero”. 
In its simplest form this modulation scheme is called NRZ (non-return-to-zero)-OOK. Besides NRZ other codes also exist. 
The most common one besides NRZ is RZ (return to-zero) coding. The advantages of RZ compared to NRZ are its higher 
sensitivity and the fact that the clock frequency lies within the modulation spectrum [20].  
The optical source used in FSO systems can either be LED or laser. LEDs are often considered in transmitter design for 
their low cost and long lifetime, but they suffer from lower power. As a result of the lower power, LEDs are only suited for 
communications over short distances. A popular alternative to LEDs is the laser diode. The laser diode has the benefits of 
being small, having a characteristically high power, and is cost efficient [23].The transmitter telescope collects, collimates 
and directs the optical radiation from the optical source to the receiver at the other end of the channel [25]. 
For FSO the transmission channel is the atmosphere. The propagation of optical signals through free space is affected by 
three main processes namely absorption, scattering and Index-of-Refractive Turbulence (IRT). 
The optical receiver is used to recover the transmitted information from the incident optical field. The optical receiver 
essentially comprises the receiver telescope, optical filter, photo detector and the post detection processor.The incoming 
optical radiation is collected by the receiver telescope and focused into the photo detector.  A large receiver telescope 
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aperture is desirable as it collects multiple uncorrelated radiations and focuses their average on photo detector. This is 
refer to as aperture averaging but a wide aperture also means more background radiation/ noise.  Optical filter is used to 
reduce the background radiations. The photo detector collects the incident optical radiation from the receiver telescope 
and converts it back into electrical signal. P-I-N diode or Avalanche Photodiode (APD) is employed to do the optical and 
electrical channelconversion. The post detection processor or decision circuitry does the amplification, filtering and signal 
processing necessary to guarantee a highly reliable data recovery [25]. 
1.2. Why FSO? 
Wireless communication is among technology‟s biggest contributions to mankind. Wireless networks have been 
dominated by IEEE 802.11 standards [4]. Wireless communication involves the transmission of information over a 
distance without help of wires, cables or any other forms of electrical conductors. The transmitted distance can be 
anywhere between a few meters (for example, a television‟s remote control) and thousands of kilometers (for example, 
radio communication) [22].Wireless networks are cheaper to install and maintain. 
In wireless communications a line-of- sight technology is establishes a communication link between transmitters 
andreceivers by transmitting a laser beam through the atmosphere.  The astonishing growth of internet traffic over the last 
decade by the general public has caused the phenomenon that is referred to as the “last mile bottleneck.” The “last mile 
bottleneck” is the shortage in bandwidth that is a result of the connectivity technologies in metropolitan areas being unable 
to keep up with the increasing needs [10]. 
 In order to meet the bandwidth demands, a number of communication links are under investigation including fiber optics, 
radio-frequency (RF) communications, copper-based technology, and free-space optics (FSO). The problems with the first 
three technologies stem from the high costs of installation, the slow time-to-market, the heavy investments in spectrum 
licenses, and the poor scalabilities of such technologies. In comparison, FSO links offer an optimal solution in regards to 
the given issues [23]. 
1.3. LinkMarginEquation 
Link margin also called as fade margin is the percentage of time that the link is operating satisfactorily and when the link 
margin is not exceeded is known as link availability.The performance of a FSO link is calculated by using a link margin 
equation [26] given as follows 
Link margin(dB) = 𝑃𝑒+ | 𝑆𝑟 | - 𝐴𝑡𝑡𝑔𝑒𝑜 (dB) - 𝐴𝑡𝑡𝑎𝑡𝑚 (dB) - 𝐴𝑡𝑡𝑟𝑎𝑖𝑛 (dB) - 𝐴𝑡𝑡𝑠𝑐𝑖𝑛 (dB) - 
𝐴𝑡𝑡𝑠𝑛𝑜𝑤 ………………………………….………………………………………………………………………………………... (1) 
where, 
  𝑃𝑒  is total power of emitter (dBm) 
|𝑆𝑟 | is sensitivity of receiver (dBm) 
 𝐴𝑡𝑡𝑔𝑒𝑜   is geometrical attenuation due to transmit beam spreading with increasing range (dB) 
 𝐴𝑡𝑡𝑎𝑡𝑚 is atmospheric attenuation (dB) 
𝐴𝑡𝑡𝑟𝑎𝑖𝑛   is rain attenuation (dB) 
𝐴𝑡𝑡𝑠𝑐𝑖𝑛 is scintillation attenuation (dB) 
𝐴𝑡𝑡𝑠𝑛𝑜𝑤  is snow attenuation (dB) 
1.4. Network Protocol– Transparent or Managed 
For carriers today the issue of interoperability of systems within their multi-faceted networks made up of both legacy and 
next generation networks is crucial. Most Free Space Optics (FSO) systems currently available are physical layer devices 
that act the same way as fiber optic cables and receivers and are therefore able to work with all protocols while not being 
limited to any of them. There are systems on the market that incorporate ATM into the device but most designers of Free 
Space Optics (FSO) systems have opted for a protocol „transparent‟ approach for both deployment flexibility and cost-
reduction. Should a carrier wish to add such switching functionality to networks incorporating physical layerproducts there 
are many switches available on the market, all of which will interoperate with a physical layer device [8]. 
2.FACTORS IMPAIRING THE PERFORMANCE OF FSO SYSTEM 
The degradation of signal is mainly caused due to effect of climatology andalignment issues. Factors such as atmospheric 
attenuation (fog, rain and snow), Scattering,Scintillation, window attenuation, alignment or building motion causes to 
impair and reduce visibility affecting its performance. 
2.1. AtmosphericAttenuation 
Atmospheric attenuation is defined as the process whereby some or all of the electromagnetic wave energy is lost when 
traversing the atmosphere. Thus, atmosphere causes signal degradation and attenuation in a FSO system link. 
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2.1.1.Fog Attenuations 
Fog can be described as a cloud of small particles of water, smoke, ice or combination of these near the earth surface 
thereby scattering the incident light and hence reducing the visibility. Attenuation of the optical signal at a distance R, due 
to fog [6] is determined by the Beer-Lambert law given as  
𝐴𝑡𝑡𝑓𝑜𝑔  =  𝑒
𝛼 𝑓𝑜𝑔   R    ………………………………………………………………………………………………………...…. (2) 
Here 𝛼(fog) is the attenuation coefficient, given by 
𝛼 𝑓𝑜𝑔 =
10𝑙𝑜𝑔𝑉
𝑉(𝑘𝑚 )
 
𝜆
𝜆0
 
−𝑞
……………………………………………………………............................................................... (3) 
Here V (km) stands for visibility, λ stands for wavelength and 𝜆0as visibility wavelength reference (550 nm), and q is the 
size distribution coefficient of scattering. q can be obtain by utilizing the Kim or Kruse models. 
For Kruse model q is given as, 
1
 
3
1.6            if  V>50km;
1.3            if 6km<V<50km;
0.585 V  if V<6km.
q
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For Kim model q is given as, 
1.6                   if  V>50km;
1.3                   if 6km<V<50km;
0.16V + 0.34  if 1km<V<6km;
V-0.5              if 0.5km<V<1km;
0                     if V<0.5km
q



 



………………………………………………………………………………(5) 
2.2. Scattering 
Scattering refers to the pinball machine nature of light trying to pass through the atmosphere. Light scattering can 
drastically impact the performance of FSO systems. Scattering is not related to a loss of energy due to a light absorption 
process. Rather, it can be understood as a redirection or redistribution of light that can lead to a significant reduction of 
received light intensity at the receiver location [5]. The scattering coefficients from the concentration of the particles and 
the effective cross section are given as[31]: 
𝛽𝑠𝑐𝑎𝑡  = 𝛼𝑠𝑐𝑎𝑡 𝑁𝑠𝑐𝑎𝑡 [1/km]………………………………………………………………………………………………………… (6)  
where, 
𝛽𝑠𝑐𝑎𝑡 is either 𝛽𝑚  or 𝛽𝑎 
𝛼𝑠𝑐𝑎𝑡  is the cross-section parameter, 𝑁𝑠𝑐𝑎𝑡  is particle concentration [1/𝑘𝑚
3].s 
2.2.1. Rayleigh (molecular) Scattering  
A radiation incident on the bound electrons of an atom or molecule induces a charge imbalance or dipole that oscillates at 
the frequency of the incident radiation [5]. The Rayleigh scattering coefficient is given as follows [31]: 
𝛽𝑚  = 𝛼𝑚𝑁𝑚 [1/km] ………………………………………………………………………………………………………………. (7) 
Where,   𝛼𝑎  is the Mie scattering cross-section, 𝑁𝑎 is number density of air particles [1/𝑘𝑚
3]. 
2.2.2. Mie (aerosols) Scattering 
The Mie scattering regime occurs for particles about the size of the wavelength. Therefore, in the near infrared wavelength 
range, fog, haze, and pollution (aerosols) particles are the major contributors to the Mie scattering process [5].The 
attenuation due to Mie scattering can reach values of hundreds of dB/km [32], [33]. The Mie scattering coefficient 
expressed as follows [31], 
𝛽𝑎 = 𝛼𝑎𝑁𝑎[1/km] ………………………………………………………………………………………………………………... (8) 
Where, 𝛼𝑎  is the Mie scattering cross-section [𝑘𝑚
2], 𝑁𝑎 is number density of air particles [1/𝑘𝑚
3]. 
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2.3. Absorption 
Atoms and molecules are characterized by their index of refraction [5].The absorption coefficient depends on the type of 
gas molecules, and on their concentration. The absorption coefficient is expressed as follows [2]. 
𝛽𝑎𝑏𝑠  = 𝛼𝑎𝑏𝑠𝑁𝑎𝑏𝑠 [
1
𝑘𝑚
 ]……………………………………………………………………..................................................... (9) 
𝛼𝑎𝑏𝑠 is the effective cross section of the absorption particle [𝑘𝑚
2], 𝑁𝑎𝑏𝑠  is the concentration of the absorption particles 
[1/𝑘𝑚3]. 
2.4. Scintillation Loss 
Atmospheric turbulence results due to change in temperature and pressure which in turn causes scintillations [24]. When 
the beam is scintillated, photons of light are temporally steered by pockets of air in random direction. The received signal 
level at the detector fluctuates due to thermally induced changes in the index of refraction of the air along the transmit 
path. For the case of free-spaceoptics, this implies horizontal path propagation and therefore stronger scintillation [7]. To 
overcome the scintillation effects automatic gain control mechanism is used and also clock recovery phase lock loop time 
constant eliminates the effects of scintillation and jitter transference [8].Also the effect of integrating over the intensity 
reduces effect of scintillation. This reduction is called aperture averaging [24]. 
2.5. Physical Obstruction 
Flying birds or construction cranes can temporarily block a single-beam FSO system, but this tends to cause only short 
interruptions, and transmissions are easily and automatically resumed. Optical wireless products use multi-beam systems 
(spatial diversity) to address temporary obstructions, as well as other atmospheric conditions, to provide for greater 
availability [9]. 
2.6. Building Sway 
 It is not intuitive to think that stationary buildings move, but they do. These buildings move due to sway that is caused by 
high winds, the thermal response of their materials and seismic activity. The higher you go in building more sway is 
present.The problem can be dealt with in two complementary ways: through beam divergence and active tracking [10]. 
2.7.Alignment  
One of the key challenges with FSO systems is maintaining transceiver alignment. FSO transceiver transmit highly 
directional and narrow beams of light that must impinge upon the receive aperture of the transceiver at the opposite end of 
the link.For a FSO link to function, it is very important that both the transmitted beam of light and the receive field of vision 
(FOV) cone encompass the transceiver at the opposite end of the link [11]. Misalignment effects can reduce the capacity 
and increase the outage probability of the FSO link and therefore the signal needs to be tracked to maintain a perfect 
alignment. 
2.8. Solar Interference 
Solar interference in FSO systems operating at 1550 nm can be combatted in two ways. Firstly by using a long pass 
optical filter window to block all optical wavelengths below 850 nm from entering the system and secondly by using optical 
narrow band filter preceding the receiver detector to filter all but the wavelength actually used for communication. To 
handle the off axis solar energy two spatial filters are used. These sub systems allow FSO links to operate unaffected by 
solar interference that is more than 1.5 degrees off axis [8]. 
 
2.9. Window Attenuation 
The FSO gives an advantage that it provides service through the windows for those customers who do not have the 
access to the terrace of their building or the apartment. But along with this advantage there is a limitation also, the glass of 
windows add some amount of the attenuation to the signal. Uncoated glass attenuates 4% per surface due to reflection. 
Tinted or insulated windows can have much greater signal attenuation [11]. 
3.PERFORMANCE ENHANCEMENT OF FSO 
There are number of ways for mitigating the turbulence effects. These can be mitigated by using diversity techniques, 
multiple transmitters and adaptive optics [12]. 
3.1. Diversity Scheme 
It refers to a method for improving the reliability of a message signal by using two or more communication channels with 
different characteristics.The diversity techniques are classified under three domains namely, temporal diversity, frequency 
diversity and spatial diversity. 
3.1.1. Spatial Diversity 
Among all the diversity techniques, spatial diversity with multiple transmitting and receiving antennas are most popular due 
to its efficiency in terms of system resource usage (no extra power and bandwidth utilization necessary).Spatial diversity 
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provides a more robust and reliable communication and by introducing additional degrees of freedom to the system, it 
provides a higher system capacity without requiring any additional power or bandwidth [13]. 
3.1.2. Temporal Diversity  
Multiple versions of the same signal are transmitted at different time instants. Alternatively, a redundant forward error 
correction codeis added and the message is spread in time by means of bit-interleaving before it is transmitted. 
Thus, error bursts are avoided, which simplifies the error correction [13]. 
3.1.3. Polarization Diversity 
Multiple versions of a signal are transmitted and received via antennas with different polarization [13]. Polarization 
Diversity: Polarization diversity combines pairs of antennas with orthogonal polarizations (i.e.horizontal/vertical, ± slant 
45°, Left-hand/Right-hand etc.). Reflected signals can undergo polarization changes depending on the medium through 
which they are travelling. A polarization difference of 90° will result in an attenuation factor of up to 34dB in signal strength. 
By pairing two complementary polarizations, this scheme can immunize a system from polarization mismatches that would 
otherwise cause signal fade [29]. 
3.1.4. Frequency Diversity 
The signal is transmitted using several frequency channels or spread over a wide spectrum that is affected by frequency-
selective fading [13]. The rationale behind this technique is that frequencies separated by more than the coherence 
bandwidth of the channel will not experience the same fade. The probability of simultaneous fade will be the product of the 
individual fading probabilities [34]. 
3.2. Adaptive Optics (AO) 
As light from distant celestial objects enters our atmosphere it gets disturbed by our ever-moving atmosphere. Adaptive 
optics (AO) corrects for the distortions in an image caused by this atmospheric turbulence. AO system operates at high 
frequencies, typically about 1000Hz. This is too fast for altering a primary mirror so adaptive optic systems are designed to 
act via the secondary mirror and additional optical elements placed in the light path [9]. 
3.3. Beam Divergence 
Beam divergence purposely allows the beam to diverge or spread. The advantage of using narrow beam in FSO system 
generates much higher data rates and increases the security. Laser generated with extreme narrow light can be easily 
modulated with voice and data information. The beam spread is dependent on the beam divergence angle and 
transmission range. Typically, 1 mrad to 8 mrad beam divergence spreads 1 to 8 m at distance of 1 km. To  
avoid spreading of a large beam, it is better to use narrow beam divergence such as 1mrad [11, 14, and 15]. 
3.4. Bit Error Performance 
Bit error rate of the received signal is determined after propagation through cloud. It is observed from the transfer function 
of cloud that high attenuation of transmitted signal occurs while it passes through cloudy environment. Therefore there is 
higher probability of error due to inter symbol interference (ISI) which is occurred by pulse broadening in cloud. The 
inherent non -linear frequency response of cumulus cloud causing successive symbols to blur together. The presence of 
ISI in the system introduces errors in the decision device at the receiver output [16]. 
3.5. Advanced DWDM FSO System 
In this scenario, various kinds of wireless signals can be transmitted by using DWDM full optical FSO links. A good 
transmission can be obtained by using DWDM. It is a technology that took data from different sources and put together on 
a channel, with each signal carried at the same time on its own separate light wavelength. Using DWDM, up to 96 
wavelengths or channels of data can be multiplexed into a light stream which gives it to the laser beam for transmission 
[27, 28]. 
4.FREQUENCY USED FOR FSO 
Frequency is a major concern for utilizing an FSO link. Two ranges are there that are 780-850nm and 1550-1600nm. The 
safety concern related to the effect of FSO beam to human eye and skin should be considered.  
780-850nm 
These wavelengths are suitable for FSO operation, and several vendors provide higher-power laser sources that operate 
in this region. At 780nm, inexpensive CD lasers are available, but the average lifespan of these lasers can be an issue 
and must be addressed during system design. At 850nm, reliable, inexpensive, high-performance transmitter and detector 
components are readily available like highly sensitive silicon (Si) avalanche photodiode (APD) detector technology and 
advanced vertical-cavity surface-emitting laser[18]. 
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1550-1600nm 
These wavelengths are well suited for free-space transmission, and high quality transmitter and detector components are 
readily available. The combination of low attenuation and high component availability in this wavelength makes the 
development of wavelength-division multiplexing (WDM) FSO systems feasible. However, components are generally more 
expensive, and detectors are typically less sensitive and have a smaller receive surface area when compared with Si APD 
detectors that operate in the 850nm wavelength [18].These wavelengths produce higher power and more eye safe 
compared to 780nm and 850nm. Wavelength which is greater than1400nm is able to penetrate haze, smog,and fog [17].In 
addition, these wavelengths are compatible with erbium-doped fiber amplifier (EDFA) technology, which is important for 
high-power (>500 mW) and high-data rate (>2.5 Gbit/s) systems. Finally, 50–65 times as much power can be transmitted 
at 1520–1600nm than can be transmitted at 780–850nm for the same eye safety classification, owing to low transmission 
of the human eye at these wavelengths[11]. 
5. MODULATION USED FOR FSO 
The choice of modulation technique for optical signal transmission plays an important role in reduction of turbulence. An 
important factor on the selection of modulation technique for FSO systems is the receiver sensitivity. Optical carrier can be 
frequency modulated, phase modulated or amplitude modulated.  
The technically simplest digital modulation scheme is amplitude-shift keying (ASK). It does not offer immunity to the 
turbulence induced fading [19]. In optical systems it is referred to as on-off keying (OOK). OOK is an intensity modulation 
scheme where the light source (carrier) is turned on to transmit a logic ”one” and turned off to transmit a ”zero”. In its 
simplest form this modulation scheme is called NRZ (non-return-to-zero)-OOK. Besides NRZ also other codes exist. The 
most common one besides NRZ is RZ (return to-zero) coding. The advantages of RZ compared to NRZ are its higher 
sensitivity and the fact that the clock frequency lies within the modulation spectrum [20].  
The error probability expression over atmospheric channels is derived under the assumption of log-normal distributed 
scintillation, and then the performance of DPSK system is compared with that of a most commonly used on-off keying 
(OOK) system under the same channel conditions. Theory analysis and numerical results illustrate that with the same 
bandwidth, DPSK system has a higher sensitivity than OOK, and to a certain extent DPSK format can reduce the 
impairment from turbulence induced scintillation for its threshold being   signal intensity insensitive, and hence, DPSK 
format is very suitable for atmosphere channels and has a broad prospect in wireless optical communications[21]. 
OOK RZ and OOK NRZ are mostly deployed techniquesdue to its efficient bandwidth usage, but others techniques can 
also be implemented. The external modulation gives better performance in comparison to direct modulation because direct 
NRZ spectrum has a strong carrier component compared to external modulated NRZ. RZ modulation format is best for 
long distance, but is complex and costly. Where NRZ is used for short distance and it is less complex, cheaper in 
comparison to RZ [2]. 
6.CONCLUSION 
Free Space Optic offers solutions for current bottlenecks in communication technology. FSO have the potential to improve 
the standard of communication in a large number of applications due to benefits such as high bandwidth, high data rate, 
license free network, easy installation and many more. The effect of atmospheric scintillation on FSO link is an important 
issue and can be reduced byautomatic gain control mechanism. Performance of FSO link which is affected by turbulence 
can be enhanced by using diversity techniques, multiple transceivers, adaptive optics and many more. Choice of 
frequency is an important concern to set up FSO link, 850nm or 1550nm range can be utilized, 1550nm is preferred due to 
human eye safety concern. OOK modulation scheme is mostly deploying for FSO link due to its efficient bandwidth usage 
but othermodulation likeDPSK, PSK can also be utilized.RZ modulation format is best for long distance,it is highly 
sensitive but is complex and costly. There is a great scope of further research in this field that will surely overcome a large 
number of issues faced in today‟s communication links. 
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